A facile method for Knoevenagel condensation has been developed by using ZrCl 4 -SiO 2 to afford the corresponding substituted electrophilic alkenes in excellent yields. This method is applicable to a wide range of aldehydes and active methylene compounds. The solid supported catalyst system was reused in further reactions and all the reactions were carried out at 80-85 o C in acetonitrile.
stoichiometric amounts of reagents, suffer from generality and also require extended reaction times. Therefore, the development of a new and efficient protocol for this transformation under mild and more convenient conditions is still needed. To our knowledge, there are no reports for Knoevenagel condensation using zirconium tetrachloride adsorbed on silica gel.
Results and Discussion
Herein, we report the use of zirconium tetrachloride adsorbed on silica gel (ZrCl 4 -SiO 2 ) 10 as a novel and efficient catalyst for the carbon-carbon bond formation reactions under mild reaction conditions. To optimize the reaction conditions, equimolar amounts of benzaldehyde and ethyl cyanomalonate (Scheme 1) were reacted in presence of ZrCl 4 -SiO 2 catalyst system (entry a) at 80-85 o C in acetonitrile solvent. The reaction was completed with in 3.0 h to obtain the corresponding ethyl (E)-2-cyano-3-phenyl propionate in excellent yield (90%). 
Scheme 1
The same reaction was complete at room temperature after 11.0 h. This experiment clearly indicates the effect of temperature on rate of reaction. In another experiment, equimolar amounts of benzaldehyde and dicyanomalonate were treated in presence of ZrCl 4 -SiO 2 catalyst at 80-85 o C to obtain the corresponding 2-(2-phenylmethylene) malononitrile in 92% yield (entry b) within 2.5 h. The observation shows that dicyanomalonate reacts a little faster than ethylcyanomalonate. Encouraged by these results, we have applied this method to a variety of aldehydes such as aliphatic (entry g, h), alicyclic (entry k, l), heterocyclic (entry i, j) and α, β-unsaturated (entry m, n) aldehydes to obtain the corresponding olefin derivatives. Aromatic aldehydes, containing electron-withdrawing groups (entry e, f) as well as electron-donating groups (entry c, d) reacted smoothly with active methylene compounds of dicyanomalonate and ethylcyanomalonate to afford the corresponding substituted alkene products in excellent yields. The particulars of reaction time, yield and the stereochemistry of the products are mentioned in Table 1 . All the reactions were carried out at 80-85 o C of reaction temperature in acetonitrile solvent, while using the catalyst in catalytic amount (10% mol). In general, the aromatic aldehydes react faster comparatively with aliphatic and alicyclic systems. In a similar manner, the active methylene carbon of dicyanomalonate reacts faster when compared with ethylcyano malonate. The heterocyclic aldehyde, furfural (entry i, j) reacted very smoothly with both the malonates to obtain the corresponding derivatives in excellent yields. In all the cases, the reactions were completed within 2-4 hours of reaction time. In the absence of ZrCl 4 -SiO 2 catalyst, the reaction does not proceed under similar reaction conditions, even after a long reaction time (15 h). Furthermore, after the reaction, the catalyst was filtered off and washed with solvent, dried and reused for further reactions up to three times without any problem. The first reaction of benzaldehyde with ethylcyanomalonate was completed within 3.0 h. The second reaction with the same reactants was completed within 3.5 h and the third reaction with the same reactants was completed in 5.0 h. It clearly shows that the catalyst system is reusable and economic point of view, encouraging for organic synthesis. This method does not require anhydrous reaction conditions or any special precautions.
Conclusions
In conclusion, ZrCl 4 -SiO 2 catalyst has been employed as an efficient solid support catalyst for carbon-carbon bond formation reactions between aldehydes and active methylene compounds to obtain olefin derivatives. This method is applicable to a wide range of aldehydes including aliphatic, aromatic, heterocyclic and α, β-unsaturated substrates. The attractive features of this procedure are mild reaction conditions, high conversions, reusability of the catalyst, easy isolation of products and operational simplicity, making it a useful procedure for the synthesis of substituted olefins in very good yields. 
Experimental Section
General Procedures. IR spectra were recorded on a Perkin-Elmer FT-IR 240-c spectrophotometer.
1 H NMR spectra were recorded on Gemini-200 spectrometer in CDCl 3 using TMS as internal standard. Mass spectra were recorded on a Finnigan MAT 1020 mass spectrometer operating at 70eV. All the products physical and spectroscopic data were compared with those reported in the literature.
General synthetic procedure
To a mixture of aldehyde (2 mmol) and active methylene compound (2.2 mmol) in acetonitrile solvent (5 mL) was added the catalyst (0.2 mmol). The resulting reaction mixture was stirred at 80-85 o C for appropriate time (Table 1 ). The progress of the reaction was monitored by thin layer chromatography (TLC). After complete conversion of the starting material as indicated by TLC, the reaction mixture was filtered and the catalyst was washed with solvent (2x2 mL). The combined filtrates were adsorbed on silica gel (60-120 mesh) and eluted with ethyl acetate and hexane mixture to afford the pure products. All the products were confirmed by their 1 H NMR, IR and mass spectroscopy data and compared with literature reports 3a,6a . 3072, 2937, 2849, 2230, 1605, 1560, 1462, 1375, 1218, 1139, 1027, 950, 826, 733 
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